TITLE OF THE INVENTION: Optical Signal Processing System 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical signal processing system 
which converts a serial pulse train optical signal with transmission 
speed N to parallel pulse train electrical signals, and in particular 
to an optical signal processing system which converts a high-speed 
optical time-division multiplexing signal to electrical signals. The 
present invention is related in detail to an optical signal processing 
system which converts a high-speed optical signal to electrical signals 
by performing time-demultiplexing of the high-speed optical signal 
using a low- speed electrical signal. 

2 . Description of the Prior Art 

Popularization of information communicating networks including the 
Internet has increased the amount of data to be transmitted, and in 
recent years, further increase of transmission capacity has been being 
required in optical communications. In order to increase the 
transmission capacity, both the time division multiplexing (hereafter 
abbreviated as TDM) system that multiplexes multi-channel optical 
signals to a time- serial optical signal and the wavelength division 
multiplexing (hereafter abbreviated as WDM) system that multiplexes 
channels through light of different wavelengths are employed. 
Specifically, an increase of transmission capacity is intended by 
decreasing the distance between wavelengths of channels transmitted 
through a transmission line using the WDM system and by increasing the 
transmission speed (bit rate) per time interval in each channel using 
the TDM system. 

Fig. 1 is a configuration drawing of a conventional optical signal 
processing system that demultiplexes an optical time-division 
multiplexing signal (hereafter abbreviated as optical TDM signal) to 
electrical signals before multiplexing (e.g. , refer to patent document 
1: Gazette containing Japanese Laid-open Patent Application No. 8- 
181667 (paragraph numbers 0002 to 0004, Fig. 16)). In Fig. 1, optical 
fiber 100 transmits an optical TDM signal. Receiving part 10 consists 
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of, for example, a high-speed PIN photodiode , whose input section is 
connected to optical fiber 100. The input section of synchronizing 
circuit 11 is connected to the output section of receiving part 10. 
The input section of electrical demultiplexing (hereafter abbreviated 
as DEMUX) circuit 12 is connected to the output section of synchronizing 
circuit 11. 

The operation of such a system will be described below. 

A WDM signal transmitted through a transmission line for optical 
communication is divided into each channel by an optical demultiplexer 
not shown in the drawing. An optical TDM signal for one channel of the 
WDM signal is transmitted through optical fiber 100 and is input to 
receiving part 10. For example, if it is assumed that the optical TDM 
signal is an optical TDM signal of 10 Gbps in which four optical signals 
of 2 . 5 Gbps each are subjected to time-division multiplexing, receiving 
part 10 receives the optical TDM signal of 10 Gbps, converts this signal 
to an electrical time-division multiplexing signal (hereafter 
abbreviated as electrical TDM signal), and then outputs it to 
synchronizing circuit 11. 

Synchronizing circuit 11 extracts the clock signal from the electrical 
TDM signal and outputs the electrical TDM signal and clock signal to 
DEMUX circuit 12. DEMUX circuit 12 performs time-demultiplexing of the 
electrical TDM signal to return it to four electrical signals of a lower 
transmission speed of 2.5 Gbps and outputs them to a data processing 
part at a later stage not shown in the drawing. 

Fig. 2 is a configuration drawing for another conventional example 
(e.g., refer to non-patent literature 1: "Ultra High-speed Optical 
Switching Technology" co- edited by Takeshi Kamiya and Yasuhiko Arakawa, 
the first edition, Baifukan Co., Ltd., July 1993). Here, the items 
equivalent to those shown in Fig. 1 are given the same signs and 
description for them will be omitted. In Fig. 2, serial-parallel 
converter 13 comprises optical switches, each having one-input and 
two-output terminals (hereafter abbreviated as 1x2 optical switches or 
simply optical switches), 13a, 13b, and 13c and the input section of 
serial-parallel converter 13 is connected to optical fiber 100. The 
input terminal of optical switch 13a is connected to optical fiber 100. 
The input terminal of optical switch 13b is connected to one of the 
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two output terminals of optical switch 13a. The input terminal of 
optical switch 13c is connected to the alternative output terminal of 
optical switch 13a. 

The input terminals of receiving parts 14a to 14d are in turn connected 
to one of two output terminals of optical switch 13b # the alternative 
output terminal of optical switch 13b , one of two output terminals of 
optical switch 13c , and the alternative output terminal of optical 
switch 13c respectively. The input section of clock extracting part 
15 is connected to the output section of receiving part 14a and the 
output section of clock extracting part 15 is connected to both optical 
switches 13b and 13c. The input section of frequency multiplier 16 is 
connected to the output section of clock extracting part 15 and the 
output section of frequency multiplier 16 is connected to optical switch 
13a. 

The operation of such a system is described below. 

A 10 Gbps optical TDM signal, in which four optical signals of 2 . 5 
Gbps each are time-division multiplexed, is input to optical switch 
13a of serial-parallel converter 13 through optical fiber 100. Optical 
switch 13a performs time -demultiplexing of the optical signal by 
switching the connection to its output terminals at a speed of 5 GHz 
(1/2 the transmission speed of the optical TDM signal) and outputs 
optical TDM signals of 5 Gbps, this speed being lower than the speed 
of the input optical TDM signal, to optical switches 13b and 13c. 

Further, each of optical switches 13b and 13c performs time- 
demultiplexing by switching the connection to their output terminals 
at a speed of 2.5 GHz and outputs optical signals of 2.5 Gbps each to 
receiving parts 14a to 14d. That is, serial-parallel converter 13 
performs time-demultiplexing of the 10 Gbps time-serial optical TDM 
signal, obtains four 2.5 Gbps parallel optical signals, and outputs 
them to receiving parts 14a to 14d respectively. Finally, each of 
receiving parts 14a to 14d converts an optical signal to an electrical 
signal . 

Now, the operation of the switching control of optical switches 13a 
to 13c will be described. Clock extracting part 15 extracts a clock 
signal of 2 . 5 GHz, the phase of which is synchronized with the 2.5 Gbps 
electrical signal from receiving part 14a, from this electrical signal. 
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Using this clock signal, connections of optical switches 13b and 13c 
are switched. In addition, frequency multiplier .16 ( used as a frequency 
doubler in this case) changes the frequency of the clock signal to 5 
GHz, twice the original frequency, and the connection of optical switch 
13a is switched using this frequency. 

Although the transmission speed of the optical TDM signal currently 
activated is 10 Gbps or so, increasing the transmission speed is 
desirable to expand the transmission capacity and research and 
development for speeds of 40 Gbps, 80 Gbps and 160 Gbps is underway. 

However, the system shown in Fig. 1, has a problem in that it is 
difficult for receiving part 10 which converts an optical signal to 
electrical signals, synchronizing circuit 11 which handles electrical 
signals, and DEMUX circuit 12 to respond to speeds equal to or higher 
than 40 Gbps, and especially difficult to synchronize circuit 11 and 
DEMUX circuit 12 which handle electrical signals, to respond to such 
speeds . 

On the other hand, for the system shown in Fig. 2, receiving parts 
14a to 14d and clock extracting part 15 are enough to be capable of 
processing only such optical signals and electrical signals as thier 
transmission speeds are reduced to 1/4 by serial-parallel converter 
13. However, another problem exists wherein frequency multiplier 16 
which controls the first stage optical switch 13a is required to process 
higher speed electrical signals thereby making it difficult for it to 
respond to speeds equal to or higher than 40 Gbps. 

SUMMARY OF THE INVENTION 

The objective of the present invention is to achieve an optical signal 
processing system that performs time -demultiplexing of a higher speed 
optical signal using a lower speed electrical signal and converts this 
optical signal to electrical signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing showing a first configuration of conventional 
optical signal processing systems. 

Fig. 2 is a drawing showing a second configuration of conventional 
optical signal processing systems. 
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Fig. 3 is a configuration drawing indicating a first embodiment of 
the present invention. 

Fig. 4 is a timing chart indicating the operation of optical switches 
20a to 20d. 

Fig. 5 is a configuration drawing indicating a second embodiment of 
the present invention. 

Fig. 6 is a drawing schematically showing the relationships between 
phases of an optical TDM signal and the switching of connections between 
optical switches 20a to 20d. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described below using 
drawings . 

[ First Embodiment ] 

Fig. 3 is a configuration drawing indicating a first embodiment of 
the present invention. Items equivalent to those shown in Fig. 1 and 
Fig. 2 are given the same signs and description for them will be omitted. 
In Fig. 3, serial-parallel converter SP comprises cascaded 1x2 optical 
switches 20a to 20d and its input section is connected to optical fiber 
100. 

These optical switches 20a to 20d can be high-speed optical switches 
such as electro-optic effect type optical switches using a dielectric 
optical waveguide or carrier injection type optical switches using a 
semiconductor optical waveguide (this type of switch employs a system 
where carriers are injected into a semiconductor and switch connection 
is switched by changing the refractive index of that semiconductor by 
passing a current through this injected region: (e.g., see Baojun Li # 
Soo- Jin Chua, "2x2 Optical Waveguide Switch with Bow-Tie Electrode Based 
on Carrier- Injection Total Internal Reflection in Si-Ge Alloy," IEEE 
Photonics Technology Letters, IEEE, March 2001, Vol.13, No. 3, 
pp206-208). These switches can switch paths at a higher speed in 
comparison to mechanical optical switches and Micro Electro Mechanical 
System (MEMS) optical switches. 

For optical paths interconnecting optical switches 20a to 20d, optical 
signals are transmitted through delay lines 21. It is better to form 
optical switches 20a to 20d and delay lines 21 on a single waveguide. 
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Delay line 21 delays an optical TDM signal from optical fiber 100 by 
1 bit of the pulse train. In other words, the delay line delays the 
optical TDM signal by the interval equivalent to its one period (cycle) . 
For example, if the transmission speed of the optical TDM signal is 
40 Gbps, the signal is transmitted delayed by 25 ps in turn between 
each sequential two optical switches from 20a to 20d. The length of 
delay line 21 is calculated to be about 2 to 3 mm if the refractive 
index of the optical waveguide is about 3.4, using the equation of 25 
ps x (speed of light )/ (refractive index). 

The input terminal of first stage optical switch 20a is connected to 
optical fiber 100. One of two output terminals (hereafter called one 
output terminal) of each of these optical switches 20a to 20d is 
respectively connected to each input section of receiving parts 22a 
to 2 2d, each of which is provided corresponding to each of optical 
switches 20a to 20d. The input terminal of each of second, third and 
final stage optical switches 20b to 20d is connected to the corresponding 
alternative of each pair of output terminals (hereafter called the 
alternative output terminal) of each of optical switches 20a to 20c 
respectively, that is, each pre-stage of optical switches 20b to 20d. 

Receiving parts 22a to 22d consist of- high-speed PIN photo-diodes, 
for example. Clock extracting part 23 is a synchronizing circuit and 
its input section is connected to the output section of receiving part 
22a. Drivers 24a to 24d are provided corresponding respectively on a 
one-to-one basis to optical switches 20a to 20d, and each of the input 
sections of drivers 24a to 24d is connected to the output section of 
clock extracting part 23. Each of the output sections of drivers 24a 
to 24d is electrically connected to each corresponding optical switch 
20a to 20d. 

The input section of optical terminator 25 is connected to the 
alternative output terminal of the last stage optical switch 20d and 
terminator 25 carries out termination processing of the input optical 
signal. The input section of data regenerating part 26 is connected 
to the output sections of receiving parts 22a to 22d and clock extracting 
part 23. 

The operation of such a system will be described below. Fig. 4 is a 
timing chart illustrating the operation of optical switches 20a to 20d 
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and shows positions in which optical signals exist in optical fiber 
100 and optical switches 20a to 20d at every instant. 

First, drivers 24a to 24d cause optical switches 20a to 20d to connect 
the input terminal of each of these optical switches to the alternative 
output terminal of each of these optical switches respectively- Now, 
at instant to, a serial pulse- train optical TDM signal of 40 Gbps , in 
which four optical signals SI to S4, each of 10 Gbps, are time-division 
multiplexed, is transmitted through optical fiber 100. At instant tl, 
a pulse of the front optical signal S4 of the optical TDM signal is 
input to optical switch 20a located in serial-parallel converter SP. 
Further at instant t2, being delayed by the interval equivalent to one 
period (25 ps) of the optical TDM signal from instant tl, optical signal 
S3 is input to optical switch 20a and optical signal S4 is input to 
optical switch 20b. 

Then, at instant t3, being delayed by the interval equivalent to one 
period of the optical TDM signal from instant t2, optical signal S2 
is input to optical switch 20a, optical signal S3 to optical switch 
20b, and optical signal S4 to optical switch 20c. Further, at instant 
t4, being delayed by the interval equivalent to one period of the optical 
TDM signal from instant t3, optical signal SI is input to optical switch 
20a, optical signal S2 to optical switch 20b, optical signal S3 to 
optical switch 20c, and optical signal S4 to optical switch 20d. At 
this instant t4, drivers 24a to 24d cause optical switches 20a to 20d 
to be switched to optical paths leading to receiving parts 22a to 22d 
by connecting the input terminal of each of these optical switches to 
one output terminal of each of these optical switches to output 10 Gbps 
optical signals of SI to S4 to receiving parts 22a to 22d. 

In other words, serial-parallel converter SP performs time- 
demultiplexing of a 40 Gbps optical TDM signal in which optical signals 
SI to S4 are multiplexed time-serially to obtain optical signals SI 
to S4 at lower transmission speeds of 10 Gbps each, dropped to 1/4 of 
the original 40 Gbps, this denominator being equal to the number of 
cascaded optical switches 20a to 20d, and outputs four parallel 
pulse-train optical signals SI to S4 to receiving parts 22a to 22d. 
Each of receiving parfs 22a to 22d converts optical signals SI to S4 
to parallel pulse-train electrical signals. 
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Receiving parts 22a to 22d, after converting the 10 Gbps optical signals 
SI to S4 to electrical signals, output these electrical signals to data 
regenerating part 26. Data regenerating part 26 changes at least either 
the modulation scheme or the pulse width of the electrical signal. For 
example, one or more actions as shown below are performed. (1) Non 
Return Zero (NRZ) modulation is converted to Return Zero (RZ) modulation. 
(2) Since the pulse width is a narrow width matched with 40 Gbps, the 
pulse width is extended four times. (3) Since pulse intervals may 
sometimes be shifted due to mechanical strain and/or temperature change 
during the transmission of the optical signal through optical fiber 
100, this shift is corrected. (4) Wave shapes that have been subjected 
to rounding are reshaped. 

In addition, the time duration in which drivers 24a to 24d cause optical 
switches 20a to 20d to connect the input terminal of each of these 
switches to one output terminal of the respective switch is equal to 
or less than the interval equivalent to one period (25 ps) of the optical 
TDM signal. If this time duration has passed, the drivers cause the 
optical switches to connect the input terminal of each of these switches 
to the alternative output terminal of the respective switch. Of course, 
subsequent to instant t4, operations at instants tl to t4 are repeated 
in the same manner, and at every instant of t4 the drivers cause the 
optical switches to connect the input terminal of each of these switches 
to one output terminal of the respective switch. 

Further, remainders of optical signals SI to S4 which are not output 
to receiving parts 22a to 22d (for example, including the output of 
optical signals SI to S4 to the alternative output terminal of each 
of optical switches 20a to 20d due to the switch connection switching 
time and/or the output of optical signals SI to S4 to the alternative 
output terminal of each of optical switches 20a to 20d due to cross -talks 
between these optical switches) are input to optical terminator 25 
provided at the stage after the last stage optical switch 20d. Optical 
terminator 25 carries out termination processing which prevents 
remainders of optical signals SI to S4 from returning to serial-parallel 
converter SP again. 

Now, the operation of controlling switching of optical switches 20a 
to 20d will be described. From the 10 Gbps electrical signals output 
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from receiving part 22a, clock extracting part 23 extracts 10 GHz clock 
signals the phase of which is synchronized with the above electrical 
signals . Clock extracting part 23 outputs these clock signals as timing 
signals to drivers 24a to 24d with the interval equivalent to 10 GHz 
period (instant t4 in Fig. 4) . When a clock signal is input from clock 
extracting part 23 , drivers 24a to 24d switch the connection of optical 
switches 20a to 20d to one output terminal of each of the respective 
switches for the predetermined time interval. 

As described above, an optical TDM signal with a 40 Gbps transmission 
speed is subjected to time -demultiplexing to obtain the optical signals 
SI to S4 each with a 10 Gbps transmission speed which is reduced from 
the 40 Gbps transmission speed by dividing it by the number of cascaded 
optical switches (or multiplied by 1/4) . These 10 Gbps optical signals 
SI to S4 are converted to electrical signals by receiving parts 2 2a 
to 22d. In addition, clock extracting part 23 and drivers 24a to 24d 
operate in synchronization with the 10 Gbps electrical signals output 
from receiving part 22a. This enables lower-speed electrical signals 
to perform time -demultiplexing of a higher- speed optical signal and 
to convert the optical signal to electrical signals. 

Furthermore, since optical switch 20d at the last stage outputs 
remainders of optical signals SI to S4 to optical terminator 25, the 
S/N ratio of optical signal S4 detected by receiving part 22d can be 
increased. 

Further, since optical signals SI to S4 are simultaneously input to 
each of optical switches 20a to 20d by delay lines 21, clock signals 
to drivers 24a to 24d can be output at the same time. This facilitates 
adjustment of the timing that switches connection of optical switches 
20a to 20d. 
[Second Embodiment] 

Fig. 5 is a configuration drawing indicating a second embodiment of 
the present invention. Here, items equivalent to those shown in Fig. 
3 are given the same signs and description for them will be omitted. 
In Fig. 3, second receiving part 27 is provided in lieu of optical 
terminator 2 5 and the input section of this receiving part is connected 
to the alternative output terminal of the last stage optical switch 
20d. In addition, synchronizing circuit 28 is provided, whose input 
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section is connected to the output section of receiving part 27 and 
whose output section is connected to the input sections of drivers 24a 
to 24d and to the input section of data regenerating part 26 , in lieu 
of clock extracting circuit 23. 
The operations of such a system will be described. 

Receiving part 2 7 receives optical signals output from the alternative 
output terminal of the last stage optical switch 20d in serial-parallel 
converter SP. This part 27 integrates the optical power of optical 
signals during a time interval equivalent to at least the periods whose 
number is the same as that of optical switches 20a to 20d provided in 
serial-parallel converter SP, that is, during four periods of the 
optical signal, and outputs a voltage proportional to the optical power 
to synchronizing circuit 28. Synchronizing circuit 28 compares the 
value of voltages output in turn from receiving part 27 and outputs 
timing signals to drivers 24a to 24d to minimize the value of electrical 
signals from receiving part 27. 

These are described in detail in Fig. 6. Fig. 6 is a drawing 
schematically showing the relationships between phases of an optical 
TDM signal and the switching of the connections of optical switches 
20a to 20d. Fig. 6 (a) shows a case where the phase of an optical TDM 
signal is in synchronization with the switching of the connections of 
optical switches 20a to 20d, and Fig. 6 (b) shows a case where the phase 
of an optical signal is out of synchronization with the switching of 
the connections of optical switches 20a to 20d. 

If optical signals SI to S4 of the optical TDM signal are in 
synchronization with the switching of the connections of optical 
switches 20a to 20d (the connection of each input terminal to the 
respective alternative output terminal) , there are almost no remainders 
of optical signals SI to S4 output from one of each pair of output 
terminals of optical switches 20a to 2 0d. However, if both of the above 
are out of synchronization with each other, the remainders of optical 
signals increase. That is, voltage values output from receiving part 
27 become high in statuses being out of synchronization. Synchronizing 
circuit 28 outputs timing signals to drivers 24a to 24d and data 
regenerating part 2 6 at timing instants that minimize the remainders 
of optical signals by monitoring voltage values output from receiving 
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part 27. 

Since operations other than these, wherein synchronizing circuit 28 
such as above adjusts the timing for timing signals using voltage values 
from receiving part 27 and outputs the timing signals to driver 24a 
to 24d and data regenerating part 26 are similar to the operations of 
systems shown in Fig. 3, description of such operations will be omitted. 

As described above, an optical TDM signal with a transmission speed 
of 40 Gbps is subjected to time -demultiplexing to obtain optical signals 
SI to S4 each with a transmission speed of 10 Gbps which is reduced 
from the 40 Gbps transmission speed by dividing it by the number of 
cascaded optical switches 20a to 20d (or multiplied by 1/4). Then 
receiving part 27 integrates the optical power of optical signals during 
a time interval equivalent to the periods whose number is the same as 
that of optical switches 20a to 20d provided in serial-parallel 
converter SP, and outputs voltages proportional to the integrated 
optical power to synchronizing circuit 28. Synchronizing circuit 28 
and drivers 24a to 24d operate in synchronization with electrical 
signals from this receiving part 27. This enables lower-speed 
electrical signals to perform time-demultiplexing of a higher-speed 
optical signal and to convert the higher- speed optical signal to 
electrical signals . 

In addition, the present invention is not restricted to the above 
embodiments but the following embodiments can also be included: 
(1) In the systems shown in Fig. 3 and Fig. 5, configurations in which 
data regenerating part 2 6 regenerates electrical signal data from 
receiving parts 22a to 22d based on timing signals from clock extracting 
part 23 or synchronizing circuit 28 are shown. However, a configuration 
in which electrical signals are output from receiving parts 22a to 22d 
without providing data regenerating part 26, and with timing signals 
output from clock extracting part 23 or synchronizing circuit 28 can 
also be employed. For example, in the case where a 40 Gbps optical TDM 
signal in which sixteen 2.5 Gbps optical signals are multiplexed, a 
configuration may be adopted in which 10 Gbps electrical TDM signals 
output from receiving parts 22a to 22d are demultiplexed to 2.5 Gbps 
electrical signals using conventional DEMUX circuit 12 shown in Fig. 
1 . 
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(2) In the systems shown in Fig. 3 and Fig. 5, although a configuration 
in which delay lines 21 are provided is shown, optical switches 20a 
to 20d may be connected with optical waveguides or optical fibers having 
optical paths of desired lengths. In this case, it is a good practice 
for clock extracting part 23 or synchronizing circuit 28 to shift timings 
of timing signals to be output to drivers 24a to 24d or to provide delay 
circuits to each of drivers 24a to 24d to adjust timings for optical 
signals SI to S4 . 

(3) In the systems shown in Fig. 3 and Fig. 5, although a configuration 
in which optical terminator 25 is provided at the stage after the 
alternative output terminal of optical switch 20d at the last stage 
in serial-parallel converter SP is shown, the signals can be output 
to an optical fiber not shown in the drawing without providing the 
optical terminator. For example, with a 40 Gbps optical TDM signal in 
which sixteen 2.5 Gbps optical signals are multiplexed, only four 
optical signals may be acquired by serial-parallel converter SP and 
an optical TDM signal in which the remaining twelve optical signals 
are multiplexed may be output to an optical fiber not shown in the 
drawing . 

(4) In the systems shown in Fig. 3 and Fig. 5, although an example 
in which an optical TDM signal with a transmission speed of 40 Gbps 
is time-demultiplexed is used, the transmission speed may be set to 
an alternative one. 

(5) In the systems shown in Fig. 3 and Fig. 5, a configuration in which 
four optical switches 20a to 20d are cascaded in serial-parallel 
converter SP is shown, however, the number of optical switches to be 
provided may be as few as two. Of course, the same number of receiving 
parts 22a to 22d and drivers 24a to 24d are to be provided as the number 
of optical switches . 

(6) In the systems shown in Fig. 3 and Fig. 5, although a configuration 
is shown in which an optical TDM signal wherein a plurality of optical 
signals is optically time-division multiplexed is subjected to 
time -demultiplexing, a time- serial pulse train optical signal may also 
be subjected to time-demultiplexing. 

(7) In the system shown in Fig. 3, although a configuration in which 
clock extracting part 23 extracts the clock signal from electrical 
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signals output from receiving part 22a is shown, the clock signal may 
be extracted from electrical signals output from any of receiving parts 
22b to 22d separate from receiving part 22a. 

(8) In the system shown in Fig. 5, although a configuration in which 
receiving part 27 integrates optical power during the interval 
equivalent to four periods, optical power can be integrated during the 
interval equivalent to periods whose number is more than the number 
of optical switches 20a to 20d provided in serial-parallel converter 
SP. 

According to the present invention, there are the following effects: 

A serial pulse train optical signal with transmission speed N is 
time-demultiplexed to optical signals each with transmission speed M 
reduced from the transmission speed N by dividing the original 
transmission speed by the number of cascaded optical switches. Optical 
signals with transmission speed M are converted to electrical signals 
by the receiving parts . Or the second receiving part outputs electrical 
signals corresponding to the optical power of the optical signal of 
transmission speed N. Further, the synchronizing circuit and drivers 
operate in synchronization with the electrical signals from the 
receiving parts or the second receiving part. This enables a 
lower- speed electrical signal to perform time-demultiplexing of a 
higher-speed optical signal and to convert it to electrical signals. 

Since the optical terminator carries out termination processing of 
the optical signal output from the alternative output terminal of the 
last stage optical switch in the serial-parallel converter, return light 
to the serial-parallel converter can be suppressed. 

Since each optical signal is simultaneously input to each 
corresponding optical switch through delay lines, timing signals to 
the drivers can be output simultaneously. This makes timing adjustment 
for switching optical switch connections easy. 
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